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A study was conducted of the inventory operations of
a small production plant. Based on parameters established
or estimated during the study, a simple inventory model
which yields stock levels for the raw material inventory
and production quantities for the manufacturing operation
was developed. Price comparisons were made showing the
recommended policies to be more economical than those
policies used before the study was conducted. A search
routine proffered by Buffa and Taubert was examined and
shown not to be acceptable as a method of determining
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I. INTRODUCTION
A small manufacturing organization just as large corpo-
rations must make a myriad of inventory decisions in its
daily operations. In a small organization these decisions
may have a far greater impact on profit than do the identi-
cal decisions in a large firm. The decision and information
flow and thus some degree of rationale is usually more read-
ily evident in a smaller concern than in its larger cousin.
Thus the inventory problem is often relatively more important,
but at the same time easier to investigate in depth. Of
course, the same principles are involved in both large and
small operations; and findings from a study of a smaller
system are readily adaptable to large systems — even to an
operation as large as the Department of Defense supply organ-
ization.
An inventory study was conducted at a small plant which
produces self-propelled and non-self-propelled (i.e. trail-
ers) cargo handling equipment. Since information of a pro-
prietary nature was used in this study, it is felt that this
material and information should be protected from disclosure
to competing firms. Consequently, the production plant
studied will, when necessary, be referred to simply as "The
Company", and the products as models A, B, C, etc.
The Company maintains a spare part inventory which will
be called "raw material" to provide direct support for the
production effort; and to provide an immediately available
source of parts for "parts sales" to customers who require

replacement of parts for previously purchased equipment.
Annual part sales have been one million dollars while annual
sales from their production effort has been approximately
ten million dollars. At the time the study was conducted,
the value of "raw materials" to support these sales was
$1.^5 million. This inventory had been reduced from $3.0
million the preceeding year because of continuing and sub-
jective pressure from higher management in the parent firm.
The reduction appears to be an over-reaction to high over-
head costs. Coincident with this higher management pressure
to reduce inventory levels, this writer was asked to inves-
tigate Company inventory policies in order to formalize a
method of controlling the raw material and finished pro-
duct inventories.
A second area of the inventory study concerned the
equipments produced for stock. The Company produces twenty-
three distinctly different items, many of which have a very
low demand (in the order of two demands per year, or less)
thus reducing any interest in maintaining a stock of those
items. In addition, many of the items have a multitude of
options that are available to the customer and must be built
into the equipment during production. This factor could be
likened to an automotive assembly line which produces many
varieties of one type of automobile. This option problem
as it relates to production is recognized as a fertile area
for further study (i.e., expected options or expected sales,
how they should effect the percent completion and the number

of the items to be produced strictly for stock). In view
of the time limitations met in conducting this study, these
models containing the various "built-in" options are not
considered. However, four production items which are built
either without options or with options that may be installed
in the final steps of production (as the color of finish or
size of tires in the production of automobiles) were con-
sidered. It should be noted, that most of the methods and
principles used in discussing the four items in this paper
would also apply to the other items produced by The Company.

II. DEVELOPING AN INVENTORY POLICY FOR PRODUCTION ITEMS
The present policy of The Company is to begin production
of the item in the quantity of the order only after receiving
a confirmed order for an item. Although that policy elim-
inates all holding costs of the production items, it forces
a delay in satisfying all demands, it tends to maximize total
set-up costs, and it prevents the planning of manpower re-
sources in the production department.
Management personnel of The Company are not familiar
with mathematical modeling techniques. There are sophisti-
cated stochastic models of the production inventory process
which have the benefits of providing a more nearly accurate
representation of the actual operation. However, the problem
of communicating their results, recommendations, and justi-
fications take on an inordinate level of difficulty and thus
lessen the confidence of the analyst in the eyes of manage-
ment. If one assumes a continuous demand and constant de-
mand rate, unit production costs that are not a function of
the quantity produced (i.e. no learning is experienced dur-
ing a production run), a constant production set-up cost
independent of the size of the production quantity, and a
holding cost rate solely dependent on the item cost , a sim-
ple model can be developed which utilizes an easy to follow
logic flow (See chapter 2 of ref. 1). Since no quantitative
analysis in this area had ever been attempted for The Company,
even this simple model would provide a discernable step

towards reducing the costs of the operation. For this
reason, the simple model was eventually settled upon to
approximate the inventory operation. Further refinements,
not only in demand and lead time distributions but in improv-
ing the accuracy of the parameters (holding cost rate, etc.)
are recognized as worthy of further study. More will be
said concerning parameter estimation later in this paper.
A. SET-UP AND UNIT COSTS
There is a cost connected with preparing the production
line for full production. This is known as the "set-up"
cost . A cost over and above the set-up cost , the unit cost
must also be investigated. The set-up cost is primarily the
labor cost (including base pay and benefits) of bringing
the jigs and dies to the assembly line, clearing the produc-
tion line for work, and positioning material. Since the cost
of the jigs and dies are very small, the amortization costs
were not considered.
Although The Company has an Industrial Engineering Divi-
sion, it was not able to provide any direct measure of set-
up costs. A partial list of detailed production function
operator times and the related set-up times for only one of
the four equipments under consideration was available. This
information was used in a first attempt to establish set-up
costs. This information, however, was found to be incom-
plete and judged unsuitable and too misleading to consider.

The Industrial Engineering Division has made the assump-
tion that production operations are learned at a 95$ rate.
That is, when Q items are produced, the average cost of each
of them, Lq, is .95 times the cost of the item if only one
were produced; where x = log- (Q) . The assumption infers
that each time production of a particular item starts, no
learning from previous production runs of this item exists.
The Industrial Engineering Department feels that since pro-
duction workers are employed in manufacturing a wide variety
of finished products and may not return to production of a
previous item for a relatively long time, the carry-over of
learning from one production run of the item to its next
production run would be small.
In general, learning rates are applicable to operations
(production of a particular item) and not to an individual
or group (as a production division). Therefore, a constant
learning rate, as in this case 95%, is not necessarily a
valid assumption — although it may approximate a median
learning rate of the combined operations.
Recorded production costs for each order were available
and were used in determining the total cost for each produc-
tion run. Because of gross changes in production practices
which occurred, no cost data over two years old was consid-
ered. The number of units made in the production run was
also recorded. The following equations in two unknowns,
A(set-up cost), and C(unit production cost, excluding set-
up costs) were used to attempt to determine the two parameters
10

T = (QLQC) + A
where T = total recorded price for the production run
CLQ = average unit cost for producing Q items
Q = number of items produced.
An example of a plot of total cost of a production run vs






























The data points and computed parameters are displayed
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note: A., and C. are the computed A and C using data points
i and j. Also C. = C..; and A.. = A...
MODEL C
data point 1 : Q
data point 2: Q
1; T = $ 13,672
6; T = $ 68,928
MODEL D
computed parameters
C = $12,980; A=$692
data point 1: Q
data point 2: Q
computed parameters
1; T = $ 25,599
10; T = $179,627 C = $20,750; A=$4849
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The computed set-up costs in three instances were greatly
different from those costs the management of The Company
considered reasonable. The logic that The Company manage-
ment used in arriving at their range of set-up costs seemed
sound — particularly when considering the simplicity of
some of the items. The large discrepancy can be accounted
to the manner in which the total costs of the production
runs were accumulated. It is felt that inaccurate cost re-
cording, particularly labor costs, and the restarting of pro-
duction runs (i.e. a production run recorded as a single run
of ten items may have been stopped and restarted several
times thus incurring additional set-up costs which were not
considered but were included in the total production costs)
greatly distorted the accuracy and worth of the accumulated
data.
No additional information was available to more accur-
ately determine either set-up costs, unit costs, or learning
rates
.
A study with its attendant recommendations no matter
how expertly carried out is worth nothing if its recommenda-
tions, if worthwhile, are not implemented. As a result of
this, and being unable to prove or at least to adequately
infer set-up and unit costs from the two attempts previously
described, the costs used were those approximated by the
Industrial Engineering Division and agreed upon as realistic
estimates by the management of The Company. The set-up and
unit costs used are as follows:
13

MODEL SET-UP COST UNIT COST (exclusive of
set-up)
A $ 1200 $ 5500
B $ 57 $ 800
C $ 23^0 $ 12200
D $ 3000 $ 20600
B. PRODUCTION RATE
The production rates were measured from recent historical
data assuming no major material delays and average conditions
and found to have the following values:
MODEL PRODUCTION RATE
A 5 per week
B 20 per week
C 1 per week
D 1 per week for production runs less
than five; 1.5 per week for production
runs between five and ten; and 2 per
week for production runs greater than
ten.
note: The change in production run for model D is due to
increased number of personnel normally assigned to the
production effort as the production quantity is
increased
.
During the course of this study, the Production Manager
often expressed his desires that the study not only provide
a basis for making inventory control decisions but also pro-
vide methods that his employees may easily use to update the
results as certain parameters change. A finite production
rate does not lend itself to a simple updating procedure.
Since this analysis was the first study made for The Company,
ease of using the results was an important consideration.
Furthermore, because of the fact that customers do not expect
l'l

immediate delivery of the products that they order, the
actual production rate is not a critical parameter. In addi-
tion, the assumption of infinite production rates results
in lower (i.e. conservative) economic production quantities -
thus conforming with the general Company trend toward inven-
tory reduction. As a result, it was decided to assume in-
finite production rates throughout the study.
C . DEMAND
Another parameter in the inventory model that must be
considered is demand or expected demand. The Company's
Sales Division prepares a listing of potential customers
for the following twelve months. The sales predictions
indicate the items and quantities , B, , for which each custom-
er is interested. In addition, the Sales Division estimates
the probability, P., of making each sale. This is done for
each customer, i. The expected sales of each item is the
sum of the expected sales for each customer (i . e . £ B.P.).
all 1 x
i
The economic production quantity of all equipments herein
considered is a direct function of expected sales, and accu-
rate sales forecasting takes on a high degree of importance.
Since expected sales was the only forecast data available and
represented The Company's best effort in this area, they were
assumed to be within acceptable bounds of accuracy.
The nature of the items under consideration is such that
the customers anticipate a delay before their orders will be
15

received. Because of this, it can be assumed that backorder
costs are zero as long as the item is delivered within an
expected production lead time plus delivery time. If The
Company were to stock production products based on antici-
pated demands, they would be able to provide more rapid
response to customer's orders. How this additional service
would result in increased sales ; how the stocked items
might affect sales promotions; and how impulse buying might
increase sales can only be considered an additional but
unaccountable benefit from this study. In fact, this area
itself is a field worthy of a separate study.
D. PERIODIC REVIEW AND THE SEARCH DECISION RULE
In the initial attempt to provide management with a
method to decide on a policy to govern production, a dynamic
periodic review model was developed. Since The Company has
forecasts of the next four quarters of demands and no back-
order costs are suffered provided all demands are filled
within a reasonable amount of time, the following assumptions
were made
:
(1) The demands in the next four quarters are known to
be F., a P... P... P.,. where F. . is the forecast of the totalil' i2* i3 i 2* ij
sales of model i in quarter j
.
(2) Each production run commences at the beginning of the
quarter and will be completed before the beginning of the
next quarter regardless of the amount produced.
(3) The startup cost for each production run for Model
i is A., independent of the quantity to be produced.
16

(4) The holding cost in quarter j for model i is I.C.S..
where I. is the annual holding cost rate for model i, C. is
the unit cost of model i and S. . is the average value of the
on-hand inventory of model i in quarter j
.
(5) All demands must be satisfied within the quarter.
(6) The total cost of producing Q. . units of item i in
quarter j is A^ C.Q.. where «y = <° £ §ij ; °
The objective is to determine, for each item i and quarter j,
that quantity Q. . > to nroduce in order to minimize total
ij —
production and holding costs subject to the constraint that
all demands be satisfied within a quarter. Let N. . be on-
hand inventory for item i at the beginning of quarter j
.
Then the problem can be written:
D k
(1) min K = Z I (A. 6.. + C.Q.. + I.C.S..)
Q± . i-AJ-1
X 1J X 1J X 1 1J
subject to N. . + Q. . > P. . for i=A,B,C,D
1J 1J " ij and j=l,2,3,^
note: The inclusion of the term A. 6.. causes
the program to fail to be linear.
To solve this production planning problem an approach
proferred by E. Buffa and W. Taubert (ref. 2) which is pres-
ently enjoying widespread attention was considered. Their
approach, called the Search Decision Rule, SDR, attempts to
solve aggregate planning problems through the use of opti-
mum-seeking computer search methods. The heart of the Search
Decision Rule is the computer search routine provided by
Buffa and Taubert. To use this technique, a computer program
was written which provides initial conditions, bounds on the
17

decision variables, and a function which determines the cost
for any set of values of the decision variables. In order
to handle the stockout constraint, the penalty function
approach was used. In particular, each time F. . > N . + Q ,
Q
a penalty function of lCr dollars was added to the value of
equation (1). This quantity is of such magnitude that in
minimizing costs, the constraint would never be violated.
Beginning with the input values for the decision variables,
SDR, the search subroutine, calculates the value of the
objective function and then attempts to decrease this value
by modifying the decision variables. This process continues
until the search subroutine fails to recognize an improvement
in the value of the objective function. The last set of
values of the decision variables represents the recommended
production quantities. As with any search technique, SDR
does not guarantee optimality but it is expected that the
values obtained provide at least a local minimum.
The Search Decision Rule was tested several times using
actual Company data. In many of the cases a simple visual
inspection revealed that the results could be improved.
This was felt to be a result of the initial conditions.
Therefore several sets of initial conditions were examined
and the results indicated that the search technique is overly
sensitive to the initial values. In fact, the technique is
so severely sensitive to the initial values that it was judged
to be inadequate for solving the production planning problem.
18

After rejecting the Buffa-Taubert technique as a tool
for obtaining optimal values for the periodic review model;
dynamic programming was considered. Note that the objective
function is separable in the sense that it is the sum of the
costs incurred for each of the four models. Define
Zin^i 5<^in^ to be the minimum cost over the first n quarters
of operation for model i when the on-hand inventory at the
end of quarter n is £. and the quantity produced is Q. .
Then let
Z. (£. ) = min Z. (5. ,Q. )
.
in s i n n in vs i'^inQ. >0in—
The following recursive relation is derived




U,-Q, +F. ))i,n-l i in in
It was observed that equation (2) is the same as that devel-
oped by Hadley and Whitin in Section 7-^ of ref. 1. They
develop a simple algorithm for determining the values of
the decision variables which are optimal. The algorithm
shows that the optimal production quantity for any quarter
is always an integral number of future quarters demand. For
example, If n = 3, Q,. = or F., or F.^ + F^. The optimal
value is selected by considering the holding costs and set-up
costs over this small range of alternatives.
These results were applied with the parameters previous-
ly discussed, and the actual Company forecasts for a four
quarter period. The optimal production quantities for each
19

of the models over the four quarter planning horizon were
calculated for a range of reasonable values of the holding
cost rate. In each case, the production quantities were
found to be those values which satisfy only the current
quarterly demand.
This approach shows that forecasts of demand for quar-
ters other than the current quarter are not important in
determining the current production quantity. Since it only
allows production at the beginning of each quarter, it seems
possible the costs could be reduced even more if production
were allowed at any time within the quarter. In order to
examine this possibility a continuous review model is
considered.
E. HOLDING COSTS AND ECONOMIC PRODUCTION QUANTITY
Holding cost consists of those costs which are related
to keeping material in stock. It includes such items as
wages of personnel related to receiving, storing, and issuing
the material, the cost of money tied up in the inventory,
rental of buildings, etc. used for holding inventory, taxes
directly charged on the inventory value, and deterioration
and obsolescence of the material kept in inventory. Those
factors of holding costs caused by product deterioration
during periods of unprotected outside storage, and obsoles-
cence of the item as the industry needs vary are considered
to be substantial and yet are very nebulous to price. It
is usually the experience in a study of this type that
20

company's management feels it can adequately estimate holding
cost. Therefore a matrix, one for each item under study,
was developed which enables management to adapt to changing
holding costs and presents a set of alternatives for manage-
ment to choose among. The columns are a range of reasonable
holding cost rates (in percentages). Management may select
the most "reasonable" holding cost rate. This decision
determines a row and therefore also a production quantity,
Q, which is read from the left-hand column. In computing
the production quantity, it was assumed that the demands
were deterministic and known with annual rate X, the set-up
costs, A, were constant, no back orders were allowed, produc-
tion rate was infinite, unit cost,C, is independent of quan-
tity produced, and the holding cost was a function only of
inventory value and accrued at an annual rate, I. The total
annual cost, K, is as follows:
K = AX + ICQ + CQ
Q 2
Considering only integer production quantities, Q, the
minimum cost is achieved when
Q(Q-l) = 2AX
IC
It was the method that was used to determine the production
quantity for models A,B,C, and D. The unit and set-up costs
for each unit is given in section A of this paper. The
results of these computations appear as tables I, II, III and IV
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Attention must be called to the fact that the unit costs
are constant and not a function of the number produced in
each production run. In effect this ignores the fact that
learning takes place during multiple unit production and
gives a smaller or more conservative economic production
quantity. It would be a simple matter, however, to account
for learning if it were felt that one knew the learning
rate. For example, under the constant learning rate dis-
cussed previously, one would modify the entries in the ma-
trix by a multiplier as follows
:










is the holding cost rate considering learning
Iy is the holding cost rate ignoring learning
which is shown in the following matrices.
The simplification of ignoring learning rates was made
for the reasons: 1) Company personnel will be better able to
update the matrices as changes or refinements in model param-
eters are made; 2) the "no-learning" gave more conservative
production decisions which conform with previously discussed
Company policy of reducing inventory investment; and 3) it




The present stocking policy for all produced equipments
of The Company allows stockouts. As has been discussed
earlier, customers anticipate a normal production and ship-
ping time delay after submitting their orders. Therefore,
stockout costs during the period have been ignored in the
determination of the production quantities. Although stock-
out costs were not considered, it must be acknowledged that
they do exist and their cost is in fact greater than zero.
One can infer that inventory stock levels should be revised
(thus reducing stockouts) to minimize the total costs rela-
ted to production inventory operations.
The recommended production policy for each model is to
produce at the time the order is received either the quan-
tity, Q, determined for that model, or produce the quantity
ordered less the amount on hand, whichever is greater.
G. COST COMPARISON
It cannot be shown that the recommended stocking policy
is optimal. However, to establish the worthiness of the
production quantity recommendations provided herein, a twelve
month comparison was made between the costs incurred if
policies of The Company v/ere followed and the costs incurred
if the recommendations of this paper were followed.
Annual demand estimates which were available during the
sample period were used to determine production quantities.
27

The annual sales (or demand estimates) were updated quarterly
thus allowing production guidelines, Q, to also be updated.
Utilizing the production quantity, Q, for the current quar-
ter, production of items was initiated upon the occurrence
of the first demand. The annual holding cost rate, I, was
assumed to be 0.33- This rate is considered to be an upper
bound on the parameter and was selected to demonstrate the
effectiveness of this model even under such an adverse envir-
onment. The items were reduced from inventory as actual
sales, as indicated by shipping data, occurred. When the
inventory became zero and a demand was unfilled (i.e. a
backorder existed) the recommended production quantity (or a
minimum integer multiple of this quantity) was produced to
at least meet all current demands. As an example, suppose
an inventory of five existed, and based on the recent esti-
mates of annual demand the recommended production quantity
was three. If a demand of nine were received, the five in
inventory would be issued and six would be produced to meet
the outstanding demand of four. The inventory remaining
after this transaction would be two (5-9+6). However, only
one set-up cost would be incurred since only one production
run was experienced.
Accumulating holding costs over the year and adding set-
up costs for each production run, the total inventory costs
for each model was determined. This was compared to the
cost incurred as a result of the current Company policy of
making the quantity demanded upon receipt of the demand (thus
28

Model A 77 $6680
Model B 16 $ 280
Model C 14 $6600
Model D 7 $7525
eliminating any holding costs). It must be noted here
that the single exception to the current general Company
policy is for the production of model A when The Company
always produces in batches of twenty-five. This exception
is considered in the cost computations below. The results
of this comparison immediately follow:
Recommended Policy Company Policy
Actual Holding Set-up Total Holding Set-up Total
Demand Cost Cost Cost Cost Cost Cost
$12000 $18680 $28404 $ 4800 $33204
$ 170 $ 450 $ 227 $ 227
$ 9360 $15960 $16380 $16380
$ 9000 $16525 $18000 $18000
Total Cost $51615 Total Cost $67811
With the exception of Model B, the decisions recommended
resulted in significant savings in costs (a total of 24$
annually) over those actually incurred using The Company's
policy. If backorder costs were considered in this compari-
son, the savings would have been even greater. Likewise if
the value of I in the comparison were reduced to a level
which is probably more realistic, the resultant savings would
have been even more significant.
The apparent failure of the recommended production policy
to reduce inventory costs for Model B was due to a very erra-
tic demand over the period, and the fact the sales estimates
were very poor. Since the production quantity depends heavily
on the forecasted values, these results suffered in the com-
parison for Model B. Using these sales estimates caused an
29

unnecessary inventory buildup and the low and erratic reali-
zation of actual sales resulted in a surplus of stock. This
is a very good example of the importance of sales estimates
as used in this model and as earlier discussed in this paper.
This indicates that perhaps one should calculate X as four
times the current quarter's demand instead of using the sum
of the next four quarter's demand. Had this been done, the
example just examined would have displayed even more savings.
It is felt that these cost savings fully support the recommen-
dations made in this paper.
H. DISCUSSION OF MODEL WEAKNESSES
Several weaknesses in parameter estimation have already
been mentioned in developing the model for production equip-
ment inventory decisions. It seems appropriate to proffer
some suggestions for making improvements in these parameters.
The parameters having least credibility are those concern-
ing set-up costs, unit costs, and learning rates. Several
avenues of approach toward better estimating them are avail-
able.
The total cost, T, of the production run which produces
a quantity, Q, is given by:
T = QL C + A
where LQ = (LR)
°&2^^ ) and LR is the unknown learning rate.
The equation is in three unknwons , C, A, and LR. If it were
possible to achieve exact data as to the total cost, T, of
each run, three production runs of three separate production
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quantities could be made and the three equations solved for
the unknowns. Since exact data accumulation is not expected,
particularly with the stochastic nature of the cost itself,
other alternatives are considered more practical.
The Industrial Engineering Division could compile a
study covering detailed production functions for every facet
of the production process for the four equipments. From
this information, each action in the process could be as-
signed "set-up" or "production" phases of the operation.
By using already established labor hourly costs multiplied
by set-up time hours , the applicable set-up costs could
then be estimated with a higher degree of accuracy. Using
existing total cost data for single and multiple item pro-
duction runs, unit costs and learning rates could be more
closely estimated.
The third method of determining these parameters assumes
a known learning rate. Several production runs of various
quantities are made and their total costs, T, recorded. For
each pair of production run cost
s
}
determine the value of A
and C from:
A = T - QL C
p T - A
One thus obtains n(n-l) values for A and C (where n is the
number of production runs). Determine the variance of both
A and C. Repeat this procedure for several feasible learning
rates finally choosing that learning rate and mean values of
A and C for which the variances of A and C are minimum.
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III. DEVELOPING A POLICY FOR RAW MATERIAL
I NVENTORY MANAGEMENT
A. MATERIAL CATEGORIES
To support both the production operation and sales of
spare parts, a raw material inventory of approximately 11,000
line items is maintained. In order to attempt to better
concentrate management attention, The Company has established
three material categories and related stocking policies.
1
.
Items whose Unit Costs are Less than One Dollar
These items are stocked without stock record cards,
but are maintained in stock on a "two-bin" or "low level"
system. That is, when the stock reaches a predetermined low
level (generally signified by the opening of a specially
marked box or set of boxes containing the remaining items
in stock) an order to raise the item's inventory position to
its predetermined high level, is initiated. The high level
is reviewed periodically by the stock control supervisor.
This policy, commonly known as an (S,s) policy, has been
widely investigated and found to work well in many situations
2 Items whose Unit Cost Range from One to Five Dollars
Under current policy stock record cards are main-
tained for these items. Orders are initiated when the stock
level falls below a predetermined low limit and the quantity
ordered is that amount which raises the inventory position
to a predetermined high level. The high and low levels were
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determined subjectively after considering recently recorded
demand so as to minimize stock-outs while keeping inventory
levels to within "reasonable" limits.
3. Items whose Unit Cost is Greater Than Five Dollars
Although stock record cards are maintained for these
items, the items are generally not kept in stock. When an
item is required, it is ordered only in the amount required
to meet the current need. In a relatively few cases, as
when demands are very high, the items are stocked as mid-
range priced items (i.e. inventory levels are maintained
between high and low limits).
B. BACKGROUND OF MODEL DEVELOPMENT
A deterministic model like that used to establish pro-
duction quantities was also used to establish order quan-
tities for each of the three categories of raw material.
It is recognized that the demand is not deterministic, but
random; however, attempts to determine the distribution of
these demands was unsuccessful. The data showed that items
were usually demanded in batches. This led to a test that
the demands were distributed as a compound Poisson. A Chi-
squared goodness-of-fit test indicated strongly that the
customer inter-arrival time was not exponentially distribu-
ted. As a simplifying assumption order quantities were cal-
culated based on deterministic demand, but reorder levels





It was felt that an accurate figure for the holding cost
rate for production items could not be obtained for lack of
information primarily about obsolescence and deterioration.
However, these two factors were not as important when applied
to the raw material inventory. A figure of 1*1.5% per year
per dollar of inventory cost was determined. This rate con-
sisted of a 6% charge imposed by the parent company; 1/2%
for warehouse rental; 2.7% for salary and fringe benefits of
employees connected with maintenance and operation of the
inventory function, 3% for taxes on the inventory itself,
and an additional 2.3% The Company feels it should consider
as a "cost of money" charge over and above the 6% charged by
the parent company. Insurance is paid by the parent company
and is not considered a function of raw material on-hand
inventory value. Intangibles such as pilferage, obsolescence
and deterioration were not directly considered in determining
holding cost rate.
Purchase cost, A, was found to be $16.00 per order.
This was computed from the costs of material and services
(including telephone service) used in the purchasing opera-
tion, and from the wages and benefits paid to personnel of
the purchasing division and to those in the accounting divi-
sion concerned with processing and paying for those procure-
ments. The total of these charges were approximately $8000






It appears that both the holding cost rate and the pro-
curement costs are lower than what is actually experienced
at other similar industries. Note that the expression for
the optimum order quantity derived from the simple model
1/2[2AA/IC]
,
depends on parameters A and I only through
ratio A/I. Although the values obtained as estimates of these
parameters both seem to be smaller than those anticipated,
it is felt that the errors of the estimates are not critical
since the magnitude of the ratio seems to be relatively good.
The parameters of unit cost, C, and annual demand, X,
must also be considered. The information on the stock rec-
ord cards (using current Company posting procedures) will
always reflect the last unit cost. Any large changes in
this value will be immediately evident and require a recal-
culation of the order values (see next section). Changes
in annual demand may also occur. Like the changes in unit
cost, this information is also on the stock record card.
It is not displayed directly but must be computed periodi-
cally. By considering the changes in these two parameters,
the model will readjust itself to current conditions.
D. ORDER QUANTITIES
A matrix shown on the following page was constructed










































































































































































































































































shows the economic order quantities (EOQ) for the range of
unit costs and annual demands experienced by The Company.
E. REORDER LEVELS
Although a method for determining the order quantities,
assuming deterministic demands and no stockout costs has
been recommended, one must not ignore either the random na-
ture of the demand process or the stockout costs. These are
both considered in the determination of the reorder levels.
To account for these factors, the distribution of demand
during leadtime for each item must be considered. Define
the safety level for an item to be the expected stock on
hand when a shipment arrives. Then to reduce the probability
of a stockout, it would be necessary to increase the safety
level and in this manner provide protection against unantic-
ipated higher demands. As the critical interval of time
is the period between the placing of an order and the receipt
of that order, it is the distribution of leadtime demand that
must be considered. Many studies have shown that a Normal
distribution for leadtime demand (especially in the case of
high demand items) is a good approximation of the distribu-
tion usually experienced in these cases. However, for illus-
tration purposes, consider the empirical distribution of lead-
time demand for a representative item shown in figure 2.
From this empirical distribution, the expected leadtime
demand is found to be five units. Therefore, if an order







































level is zero and the probability of a stockout occurring,
P(0UT), would be .56, that is, the leadtime demand would
exceed five with probability .56. Similarly, for a reorder
level of ten (a safety level of five) the probability of
being out of stock would fall to approximately P(0UT) = .03
For the above example, the probability of incurring a stock-
out for various safety levels is shown in fig. 3«
As a unit change in safety level is made, a change in
the inventory holding costs equal to IC is incurred. These
changes are shown in fig. 4 for items with several unit
costs. Thus it is recommended that management balance the
desired service level (i.e. the probability of incurring a
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safety stock. It should be noted that since the unit in-
crease in holding cost per unit increase in safety level
equals IC, the more expensive the item is, the smaller the
safety level should be.
Another way to view the importance of balancing the extra
holding cost with the increase in service is to consider the
extra holding cost as a stockout cost, for it is an extra
cost that is paid to reduce stockouts. Therefore an imputed
stockout cost can be determined for any given safety level
by comparing the total holding cost for a given safety level,
S, with the total holding cost when a safety level of zero
is maintained. The differences between the two costs is
given by ICS. These imputed stockout costs are shown in
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